of transferable embryos may provide a chance to overcome the valuable germplasm lost and enable the genetic improvement of the species . Cryopreservations of germplasm were performed either by slow freezing (Gautam, Verma, Palta, Chauhan, & Manik, 2008) or vitrification (Yamada et al., 2007) . The conventional slow freezing method for cryopreservation of oocytes and embryos often causes osmotic shock and intracellular ice crystallization resulting in cell damage (Ledda et al., 2006) .
Oocyte cryopreservation is more technically challenging compared with the cryopreservation of sperm and embryos (Bunge & Sherman, 1954; Trounson & Mohr, 1983; Zeilmaker, Alberda, Gent, Rijkmans, & Drogendijk, 1984) . DNA fragmentation, chromosome disorganization, aberrant gene expression and damage to intracellular organelles, such as mitochondria, endoplasmic reticulum and lysosomes, have been observed in oocytes after cryopreservation (Gook & Edgar, 2007; Jain & Paulson, 2006; Monzo et al., 2012; Varghese, Nagy, & Agarwal, 2009 ). The main cause of cryoinjury is ice formation during freezing and thawing. Such physical damage, together with the toxic impact from cryoprotectants, could severely impair survival, fertilization and the developmental potential of cryopreserved oocytes (Jain & Paulson, 2006; Koutlaki, Schoepper, Maroulis, Diedrich, & Al-Hasani, 2006) .
Vitrification is an advantageous method of cryopreservation in which cells are exposed to high concentrations of cryoprotectants and ultra-rapid cooling rate resulting in ice-crystal free solid glass-like structures (Fahy, Macfarlane, Angell, & Mezyman, 2008; Pereira & Marques, 2008) . However, the chief problem associated with oocyte cryopreservation is the low percentage of oocytes retaining the ability to undergo normal maturation and fertilization (Le Gal & Massip, 1999) . Cryoprotectants are divided into two types: membrane permeating (e.g., glycerol, ethylene glycol [EG] , dimethyl sulphoxide [DMSO] , propanediol [PrOH] ) and membrane non-permeating (e.g., sucrose, glucose, Ficoll, proteins and lipoproteins). Cryo-media containing permeable and non-permeable cryoprotectants seem to be more advantageous than solution containing only permeable cryoprotectants (Shaw, Oranratnachai, & Trounson, 2000) . Ethylene glycol and DMSO are commonly used cryoprotectants in vitrification, but they are considered toxic due to their cell permeating nature and the high concentrations needed to induce vitrification (Ledda et al., 2006) . A mixture of EG and DMSO is one of the finest cryoprotectants for vitrification of immature buffalo oocytes (Mahmoud, Scholkamy, Ahmed, Seidel, & Nawito, 2010) . EG has been widely used during the vitrification of human oocyte and embryos due to its low toxicity and high permeability (Kuleshova, MacFarlane, Trounson, & Shaw, 1999; Yoon et al., 2003) . Unfortunately, the sudden exposure to high concentrations of cryoprotectants during vitrification is toxic to oocytes ( Sripunya et al., 2010; Succu et al., 2007) . Also, the functional ability of oocytes was severely affected by both vitrification and exposure to cryoprotectant (Sharma, Kharche, & Majumdar, 2006) . The objective of the current work was to explore the effects of cryoprotectant combinations on oocyte viability and maturation of vitrified C. dromedaries oocytes.
| MATERIAL S AND ME THODS

| Oocytes recovery and selection
Dromedary camel ovaries were collected from local slaughterhouse in El-Bassatine, Cairo, during the period from September 2016 to May 2017. The ovaries were collected within 15-30 min post-slaughter and placed in thermo-flask containing sterile physiological saline (0.9% NaCl) at 25-30°C, supplemented with streptomycin 100 µg/ml (Badr, 2001) . The samples were transported within 1 hr to the in vitro fertilization (IVF) laboratory of Animal Reproduction Research Institute, where ovaries were washed several times in warm normal saline to remove the blood and debris and then kept in 37°C water bath during oocyte recovery.
Cumulus-oocyte complexes (COCs) were aspirated using an 18-gauge needle attached to a 10-ml syringe containing 1 ml tissue culture medium 199 (TCM-199) from 2-to 8-mm follicles (Figure 1 ; Kafi et al., 2002; Khatir, Anouassi, & Tibary, 2007) . The follicular fluid containing COCs was placed into 15-ml conical tubes and kept in an ordinary incubator at 37°C for 15 min allowing COCs to sink into the bottom of the tubes, and then, the follicular fluid and Grade IV, oocytes with uneven, scattered dark cytoplasm. All procedures of oocyte recovery and evaluation were carried out at a temperature of 37°C in a sterile incubator.
| Chemicals
The chemicals used in the study were purchased from Sigma Chemical Co (St. Louis, MO, USA). All media used in the present study were filtered using 0.22-μm syringe filter (Millipore, USA) and incubated for at least 3 hr in a humified atmosphere (95%) and 5% CO 2 at 39°C before culturing the oocytes or vitrification. The medium used for oocyte recovery, searching and selection named as basic medium (BM) was TCM-199 without protein supplementation. The holding medium used for vitrification and warming solutions in the study was TCM-199 supplemented with 20% v/v foetal calf serum (FCS). Holding medium plus 50% v/v of final cryoprotectant agent (CPA) concentration was used as equilibration solution (ES). Three warming solutions were used, WS1 (20 ml BM + 2 ml EG + 7.56 g trehalose), WS2 (20 ml BM + 3.79 g trehalose) and WS3 (20 ml BM + 1.89 g trehalose). The maturation medium was tissue culture medium 199 (TCM-199) with 10% FCS, 10 µg LH, 5 µg FSH, 1 µg oestradiol and 50 µg gentamycin sulphate per ml.
The pH of the media was adjusted to 7.4 and osmolarity to 295-310 mosm.
| Experimental design
| Effect of ethylene glycol (EG) cryoprotectant on camel oocyte viability and maturation
Cumulus-oocyte complexes (COCs) were exposed to holding media 
| Effect of dimethyl sulphoxide (DMSO) cryoprotectant on camel oocyte survivability and maturation
| Effect of cryoprotectant combinations (EG & DMSO) on camel oocyte survivability and maturation
Cumulus-oocyte complexes (COCs) were exposed to holding media Finally, COCs were rehydrated into WS1, WS2, WS3 and HM for 3 min each and washed in maturation media before submitted to evaluation and in vitro maturation (Table 1) .
After warming, the experimental groups were evaluated for recovery, morphological viability, trypan blue staining and in vitro maturation.
| Quality assessment of vitrified/warmed immature camel COCs
According to Martins et al. (2005) , the recovery rate was defined as the number of oocytes counted after end of rehydration to the total of vitrified oocytes. Vitrified/warmed oocytes were examined under stereo-microscope for evaluation of normal and abnormal oocytes.
According to Sharma, Dubey, and Chandra (2010) , the oocytes with spherical and symmetrical shape and no signs of lysis/degeneration were considered normal, whereas oocytes with ruptured zona pellucida, fragmented cytoplasm or degenerative signs were classified as abnormal and discarded. Unstained oocytes were classified as live, and fully or partially stained oocytes were classified as dead (AbdAllah, Khalil, & Ali, 2008) .
| Stains
The oocytes were separated at the end of the maturation and stained by aceto-orcein stain to evaluate nuclear maturation as described before . Orcein is used in form of a 1% solution in 45% acetic acid. This solution is prepared by pouring 55 ml boiling glacial acetic acid over 1 g orcein powder. The solution is cooled, and then, 45 ml of distilled water is added and filtered. This solution is unstable and should be prepared fresh before use. The cumulus cell-enclosed oocytes were subjected to several times gentle pipetting for removal of cumulus cells; then, oocytes were placed on glass slides and covered with coverslip fixed with paraffin wax: vaseline mixture (1:12 v/v) at the four corners (Mahmoud, El-Shahat, & El-Nattat, 2003) . While observing the oocytes under microscope, slight pressure was applied to the corners of the coverslip till small vacuole appears F I G U R E 2 An image showing grade I camel oocytes with homogenous cytoplasm and more than three layers of compact cumulus cells (×20) around oocytes. The slides were submerged in fixative solution, which is composed of acetic acid (45%) and ethanol (95%) (1:3 v/v) for at least 24 hr. After fixation, the oocytes were stained with aceto-orcein stain, a small amount of the stain was allowed to pass under the coverslip, the slides were then dried with filter paper, and the coverslip was sealed with Canada balsam to prevent drying out of the fixative (Badr, 2001 ).
Twenty-four hours after staining, the oocytes were examined for signs of nuclear maturation using phase contrast microscope (×400). The oocytes at metaphase-II (M-II) were considered to be mature according to Nowshari and Wernery (2003) . Trypan blue solution (0.05%) was used to detect viability of vitrified/warmed oocytes, and it was prepared by dissolving trypan blue in phosphate buffer saline (PBS; pH = 7.0) and at 1 ml WS3 for 3 min at room temperature ( Figure 3 ).
| In vitro maturation of vitrified/warmed oocytes (IVM)
In vitro maturation was carried out in 100 µl drop of maturation medium previously equilibrated for 3 hrs at 38.5°C in a moist atmosphere of 5% CO 2 . COCs were washed three times in maturation medium and then transferred to maturation drop for 18, 24, 32, 36, 42 and 48 hr, and the media were overlaid with mineral oil. The degree of cumulus expansion was assessed after the end of maturation using a stereo-microscope; they were evaluated subjectively either as "fully expanded" (all cumulus cells were loosened) "partially expanded" (the outer layer of cells was loosened) or "not expanded" (all layers were compacted). Then cumulus cells were removed gently by repeated pipetting. Nuclear maturation was evaluated using aceto-orcein staining according to , where groups of 5-10 denuded oocytes in a small drop of medium were mounted on a clean glass slide (18 × 18 mm) and covered with a glass coverslip.
| Statistical analysis
At least three replicates were performed for each experimental group. Data were analysed by analysis of variance (ANOVA) test, and p < 0.05 was considered significant (Schefler, 1979) .
| RE SULTS
There were no significant differences between the percentages of morphologically abnormal oocytes (zona broken and cytoplasmic shrinkage) vitrified using EG, DMSO and mixture of EG + DMSO 
| D ISCUSS I ON
In camelids, although EG was successfully used in vitro vitrification of dromedary (Nowshari, Sayed, & Saleem, 2005) , llama (Aller et al., 2002; and alpaca (Vivanco-Mackie, 2013) embryos as well as alpaca oocytes (Ruiz et al., 2013) , there were no available data about its role in vitrification (Gurtovenko & Anwar, 2007) . Moreover, the deleterious effect of DMSO may be due to the formation of hydrophobic interactions with the polar part of the membrane lipids, the consequent influx of the sulphoxide into the bilayer and damaging biomembranes (Markarian, Bonora, Bagramyan, & Arakelyan, 2004) . It was reported that the ice-crystal formation during vitrification procedure can be prevented with a solution containing 35% PROH (Boutron & Kaufmann, 1979) or 45% DMSO to get the same results (Rasmussen & MacKenzie, 1968) .
Therefore, in our present study, DMSO concentration (40%) was probably not high enough to prevent intercellular ice-crystal formation and this, in turn, could cause the damage of the follicular cells.
However, the lower cryoprotective efficiency of DMSO could be due to the concentration-dependent modes of action, and at low concentrations, DMSO increases membrane fluidity. Theoretically, no ice is formed during vitrification; however, anti-freeze proteins (AFPs) may prevent potential ice formation during vitrification and especially recrystallization during warming (Lee et Al., 2015) . In addition, another possible explanation is that AFPs may bind to the cell membrane and, as a result, stabilize the oocyte membrane (Bagis, Akkoc, Tass, & Aktoprakligil, 2008; Yeh & Feeney, 1996) . We did not use the AFPs in the current work during vitrification of dromedary oocytes and it would be studied furtherly.
One of the most frequently studied processes related to oocyte competence is oocyte maturation, which can be perturbed of phosphodiesterase 3A, which hydrolyses cAMP into AMP inside the oocyte and decreases cyclic adenosine monophosphate (cAMP) levels (Shuhaibar et al., 2015) . In addition, the reduction in intraoocyte cAMP levels leads to inactivation of the protein kinase A, which in turn activates maturation promoting factor (MPF) and thus induces germinal vesicle breakdown (Coticchio et al., 2015) . A high acceptable maturation rate was obtained in this study after vitrification using 40% EG (53.47%) at 4 min, which is nearly similar to that recorded before (Gupta, Uhm, & Lee, 2007 ) from porcine oocyte vitrification using 35% EG. Our results showed that DMSO at concentration of 40% yields the lowest percentages of viable oocytes (62.79%) among different cryoprotectants used. This may be due to its slow permeability or penetration into the cell (Mukaida et al., 2003) , and it causes disassembly of the spindle microtubules and movement of the pericentriolar material to the centre of oocytes (Trounson & Kirby, 1989) . However, DMSO was more effective than EG or PROH for the slow freezing of immature buffalo oocytes (Gautam et al., 2008) . Also during cryopreservation of ovarian tissues, the extent of follicular survival is at least in part determined by the speed of cryoprotectant permeation. Because most cells are relatively impermeable to glycerol, its use might lead to severe osmotic effects, and consequently, it is not indicated for several different systems, including ovarian tissue (Amorim et al., 2006; Newton et al., 1998) . Bastan, 2006) and in buffaloes (Wani, Maurya, Misra, Saxena, and Lakhchaura (2004) . The discrepancy between the results may be ascribed to the fact that the maturation rate mainly depends on quality of oocytes, media components or amount and incubation environment (Dutta, Dev, & Raj, 2013) or due to toxic effect of high concentration of DMSO.
The mixture of EG and DMSO in ratio 1:1 appears to be one of the most popular combinations for vitrification of mammalian oocytes and embryos (Gupta, Uhm, & Lee, 2010) . The current work showed that the viability rate of oocytes vitrified using a mixture of 40% EG plus 40% DMSO was significantly higher (90.16%) than that among other combinations, and this may be due to low viscosity, low toxicity and good vitrifying ability of the mixture (Bhat et al., 2013) . In the present study, maturation rate is 58.95% using a combination of 40% EG + 40% DMSO. Similar results were recorded from vitrification of immature human oocytes using 15% EG + 15% DMSO (Yazdanpanah, Khalili, Eftekhar, & Karimi, 2013) , and they concluded that it is recommended to apply IVM on fresh immature oocytes, instead vitrified oocytes. Also in buffaloes, maturation rates after vitrification of immature buffalo oocytes using mixture of 3 M EG + 3 M DMSO and 3.5 M EG + 3.5 M DMSO were 61.8% and 69.6%, respectively (Mahmoud & ElSokary, 2013) . Furthermore, the combination of EG and DMSO is assumed to reduce not only the toxicity of each cryoprotectant, but also the osmotic damage at warming, since EG is more likely to diffuse out of the cell rapidly, whereas DMSO is less permeable (Taniguchi et al., 2007) . It was found that maturation rate in equine oocytes was better in the group which is surrounded with cumu- CPAs. In mature oocytes, these volume changes might cause a disruption of the spindle, while in immature oocytes, microfilament organization might be disturbed (Heo et al., 2011) .
In the present study, the maturation rate of oocytes incubated for 36 or 42 hr (79% and 80.25%, respectively) was significantly higher than other incubation times. These results also agree with those obtained by Abdoon (2001) and El-Baz (2013) in camels and
Del Campo et al. (1992) in llama whose recorded that the majority of oocytes underwent cumulus expansion and reached M-II within 36 hr. The percentage of cumulus expansion and M-II did not increase after culture for 48 or 72 hr. This may be due to the fact that as the maturation time increased to 48 hr and then to 72 hr, the proportion of degenerated oocytes also increased according to cytological examination (Abdoon, 2001; Mahmoud et al., 2003) .
| CON CLUS ION
Assisted reproductive technologies (ARTs) could be contributed in solving many problems which faces camel fertility. Oocyte cryopreservation as recent ART can be used not only to overcome The designed further studies will be aimed to study the ability of in vitro-produced vitrified blastocyst to develop in vivo and establish pregnancy after embryo transfer in camel.
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